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fewer complications compared with elective repeated cesarean delivery (ERCD); however, neither ERCD nor TOLAC are without maternal or neonatal risk. 4 TOLAC ending with a repeat CD entails higher risks of complications such as blood transfusions, hysterectomy, or endometritis compared with ERCD. And thereto, uterine rupture with the potential for hysterectomy, heavy bleeding and neurodevelopmental disability, and even death of the infant.
2, 4, 6, 7 Previous investigations show that the likelihood of VBAC after TOLAC varies between 60% and 80% in different settings and is influenced by both demographic characteristics, such as maternal age, maternal body mass index, weight gain during pregnancy, maternal medical illness and obstetric history, such as indication for first cesarean. 4, 8, 9 In addition, studies have reported a relation between cervical dilation in first labor and VBAC rates. [10] [11] [12] [13] [14] [15] [16] [17] The previous studies are limited by study size, have contradictory results, and include multiparous women with previous vaginal and cesarean deliveries, making it difficult to assess the risk of repeat CD. [10] [11] [12] [13] [14] [15] [16] [17] Furthermore, there is a lack of population-based studies with detailed medical record data on maternal and obstetrical characteristics. The aim of this study was to investigate the association between indication of first cesarean as well as cervical dilation during the labor preceding the first cesarean and risk of repeat cesarean in women undergoing trial of labor.
| MATERIAL AND ME THODS
This study is based on prospectively collected data on maternal, delivery, and infant characteristics obtained from the population-based Stockholm-Gotland Obstetric Cohort. 18 The cohort includes all sin- From the cohort, we extracted information on all women with a first delivery and second singleton delivery during the study period.
The second delivery was further restricted to live-born infants in cephalic presentation at 37 completed gestational weeks or later and to mothers who underwent a cesarean section at first delivery ( Figure 1 ). 
| Statistical analyses
Maternal and delivery characteristics were analyzed using the chisquared test and Student's t test. Modified Poisson regression analysis with robust variance estimator was performed to calculate relative risks (RRs), with 95% CI. We performed stratified analyses for induction and spontaneous start of labor and the risk of repeat CD. Finally, we investigated possible effect modification between induction of second labor and indication for first CD associated with repeat CD. A 2-sided P-value <0.05 was considered statistically significant. Statistical analyses were performed using the SAS software version 9.4.
| Ethical approval
The regional ethics committee at Karolinska Institutet, Stockholm, Sweden approved the study protocol on 2 April 2009 (No.
2009/275-31).
| RE SULTS
Of the 5302 women with a first CD and a subsequent delivery in our study cohort, 41.2% had an ERCD, leaving 3116 women with a
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Almost 70% of women performing a trial of labor after cesarean had a vaginal birth. Women with a first unplanned, compared with elective, cesarean delivery had 64% higher risk of repeat cesarean.
TOLAC ( Figure 1 ). Maternal and delivery characteristics from first pregnancy are presented in Table 1 . Of the 3116 women eligible for TOLAC, 30.6% (953 women) had an elective first CD and 69.4%
(2163 women) had an unplanned first CD. The corresponding rates for VBAC were 79.3% and 64.3%, respectively (Table 2) . Of all women with previously failed instrumental vaginal delivery, 67.9% had a successful VBAC. VBAC rates by indication for first CD were 56.2% for labor dystocia, 67.4% for non-reassuring fetal well-being, and 78.2%
for other unplanned indications. In women with first CD for labor dystocia, VBAC rates increased with increasing cervical dilation at first CD (≤5 cm: 45.3%, 6-10 cm: 57.5%, fully dilated: 68.6%) ( Table 2 ).
The adjusted RR (aRR) for repeat CD was 1.64 (95% CI 1.43-1.89) for first unplanned compared with elective CD ( for non-reassuring fetal well-being was 1.48 (95% CI 1.26-1.75).
The risk was not increased for women with other unplanned indications for first CD. When we restricted the analysis to women with first CD for labor dystocia, the risk for repeat CD decreased with increasing cervical dilation at first delivery; aRR 2.48 (95% CI 2.09-2.94), aRR 1.98 (95% CI 1.67-2.35), and aRR 1.46 (95% CI 1.15-1.86) for women with cervical dilation ≤5, 6-10 cm, and fully dilated, respectively (Table 2 ).
In the analysis by onset of second delivery, the adjusted relative risk for repeat CD was highest in women with an unplanned first CD and induced second delivery followed by unplanned indication and spontaneous onset and elective indication with induced second delivery in comparison with elective first CD and spontaneous onset (RR 1.97, 1.81 and 1.43, respectively) ( Table 3) .
When investigating the possibility of effect modification by onset of second labor, the interaction term was statistically significant (P = 0.03).
| D ISCUSS I ON
In this large population-based cohort study, we found that women with a first unplanned CD had a 64% increased risk of a repeat cesarean in TOLAC compared with women with a first elective cesarean after adjustments. The highest risk of a repeated CD was observed in women with a first cesarean section due to labor dystocia. Among women with a first CD due to labor dystocia, a greater cervical dilation was associated with an increased chance of a vaginal delivery in the next pregnancy.
Women who were induced during their second labor were less likely to achieve a vaginal birth compared with women with a spontaneous labor start. The relative risk for a repeat CD in women with a previous unplanned CD compared with an elective first cesarean was increased both among spontaneous and induced second labor.
The major strength of this study was the population-based design with access to prospectively collected data in standardized electronic medical records including maternal characteristics, pregnancy and delivery information, data on labor progress, and interventions.
Hence, exposure information was recorded before the outcome, which minimized the risk of recall bias. Our large sample size of 3116 primiparous women with TOLAC enabled us to study outcomes with sufficient statistical power. Not having women with a previous vaginal delivery in our population further strengthened our results as this is an important factor affecting VBAC rates. 9 This study has its limitations, like all observational studies; data were not specially designed to answer our study questions and there is always a risk of residual confounding. Although indication for CD was reported by the attending obstetrician, there is a risk of misclassification. However, it is not likely that indication was systematically misclassified and it is therefore likely to be non-differential. Unfortunately, we had no information about patient-reported experiences, which may have influenced not only TOLAC rates but also the likelihood of vaginal delivery in second delivery. 19 As indication for first CD was not blinded, this may have influenced labor management in the second delivery, for example when having history of labor dystocia, the clinician may be more prone to perform a repeat CD. Women could also, at counseling before delivery, have been guaranteed an unplanned CD in second labor if there were any signs of prolonged delivery. Preferences for elective second CD or TOLAC are multifactorial and contextual 19 and can vary depending on background or socio-economic status. 20 Such selection effects were, however, partly eliminated by controlling for confounders in the multivariable analysis. We had no information on ethnicity, which could be an unmeasured confounder. 21 Almost 60% of all women in our study with a previous CD opted for TOLAC, which is a high rate compared with other countries. 4, 6 Randomized controlled studies, from an ethical perspective, are complicated when investigating TOLAC vs elective repeat CD, so we have to depend on results from observational studies. Previous studies investigating the success rate of TOLAC in women with a history of labor dystocia have reported contradictory results. 11, 13 A large study by Hoskins et al, found that women who were fully dilated at first CD only had 13% success rate of VBAC in the subsequent delivery.
11
Furthermore, Kwon et al reported that the degree of cervical dilation in women with previous labor dystocia did not affect the mode of delivery in a subsequent trial of labor. 13 In contrast, our study and 4 other studies convincingly show that degree of cervical dilation in first delivery do matter in the subsequent delivery even when the indication for first CD was labor dystocia. 10, 12, 14, 17 In our study, we also show that women with a previous failed instrumental vaginal delivery had the same risk for repeat CD as all women with a first unplanned CD and they also have a good chance of successful VBAC (67.9%), in agreement with results from Melamed et al (61.3%).
22
Most previous studies were, in contrast to our investigation, not restricted to only first and second delivery. [10] [11] [12] 14, 22 Including women with a previous vaginal and/or cesarean delivery makes interpretation and comparison difficult. Further, most previous studies are based on a single hospital or medical center and local practices in handling of women performing TOLAC, most likely affecting the results. Our study population is from a single region, including 7 different hospitals, which lowers the risk of treatment bias and therefore increases the generalizability.
Women with nonreassuring fetal well-being as the indication for the first CD compared with elective first CD had a 48% increased risk of having a repeated unplanned CD. These results are in line with Hoskins et al, who found a success rate of VBAC of 68%, which matches the 67% reported in our study. 
| CON CLUS ION
This study found that almost seven out of 10 women with TOLAC achieved a vaginal birth, and that women with a history of labor dystocia had a good chance of success. Reaching a greater cervical dilation in first delivery ending with a cesarean is not in vain, as chances of reaching vaginal birth in subsequent delivery increases TA B L E 2 Mode of delivery in second birth and risk ratio for repeat cesarean delivery in women with trial of labor after cesarean by indication of and cervical dilatation at first cesarean delivery TA B L E 3 Crude and adjusted risk ratio for repeat cesarean delivery in women with TOLAC by indication of first cesarean delivery and onset of second delivery with greater dilation. The findings in this study can help clinicians in counseling women and also support that eligible women with one previous CD could be offered TOLAC.
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